. Sequences of substrates used in the experiments. buffer G4-G3 G3-G4 G4-G2 G2-G4 G3-G2 G2-G3 G2-ssDNA ssDNA-G2 Figure S3 . Transition density plots for dG4, dG3 and dG2 in 100 mM NaCl or KCl. The color intensity corresponds to transition probability. The x-axis is the initial FRET prior to transition, and the y-axis is the final FRET after transition. (A) For dG4 in 100 mM NaCl, the most frequent transitions are between E0.7-E0.5, transitions between E0.9-E0.5 are less frequent. There are also a small amount of transitions between E0.5-E0.3. (B-C) For dG3 in 100 mM NaCl or 100 mM KCl, the most frequent transitions are between E0.5-E0.3, transitions between E0.5-E0.7 are less frequent. (D-E) For dG2 in 100 mM NaCl or 100 mM KCl, the transitions are between E0.5-E0.3. Transition density plot for dG4 in 100 mM KCl was not shown because the fraction of traces showing dynamic transitions is very low. Supplementary Figure S9 . G-hairpin with longer G-rich sequence at the 3′ end of ss/dsDNA in the presence of 100 mM NaCl or KCl. (A) Design of d4G2 substrate. (B-C) In 100 mM NaCl or 100 mM KCl, d4G2 is either keeping static or going through dynamic transitions between two FRET states at ~0.5 and ~0.3. (D) smFRET histograms of d4G2 in 100 mM NaCl display two peaks at E0.29 and E0.47. (E) smFRET histograms of d4G2 in 100 mM KCl display two peaks at E0.27 and E0.51. The fractions of folded G-hairpin are 87.9% and 86.6% in NaCl and KCl.
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Supplementary Figure S10 . Representative structures of different G4 folding states obtained from MD simulations. The positions of both anti-parallel and hybrid G4 tend to be at one side of duplex DNA, and the direction of G-tetrad plane is almost perpendicular to the long axis of duplex. 2-tetrad anti-parallel G4 is predominantly tilted relative to duplex, and G-tetrad plane is almost parallel to duplex. The orientation of G-triad plane in G-triplex tends to be almost perpendicular to long axis of duplex. In 100 mM KCl, the FRET distribution of G4sd has two major peaks at E0.51 and E0.68, and one minor peak at E0.33. (F) In 100 mM NaCl, the FRET distribution of G4sd has one major peak at E0.57 and one minor peak at E0.75. Either in KCl or NaCl buffer, dsG4 prefers to fold into the conformation with higher FRET value, compared with G4sd.
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